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e Overview:

Our research is focused on assessing three traits with forest foliar
structure, shade tolerance, r -- using field and

y and function - cell
imagery (Table 1)

Our work has involved intensive field sampling of forests across environmental and ecological gradients related
to species composition, functional strategies, climate and disturbance regimes.

We link the field and laboratory measurements to image spectra via modeling with field spectroscopic measure-
ments. The spatial measurements derived from AVIRIS imagery will then facilitate an analysis of the influence of
forest functional properties on vegetation productivity and watershed nutrient cycling.

Our objective is to develop whole-ecosystem measurements of forest charac-
teristics that relate to the major functions of forests, including nutrient uptake
and retention, C accumulation, and maintenance of water quality.

We define Forest Functional Types in terms of four measurements related to
nutrient cycling strategies of temperate species from Eastern North America
(Table 1).

Although differences in these properties are largely related to species, we
hypothesize that measurements of these properties can be related directly to
spectroscopic measurements at the leaf level and hyperspectral measure-
ments at the canopy level.

We are mapping these variables independent of species composition using
NASA AVIRIS and Hyperion imagery.

@ What are Forest functional types? FFT = Cs - (S + [R or M]) where: Table 1
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@ Preliminary results 1 Figure 1

Figure 1. Relationships between key leaf
chemical and morphological characteris-
tics related to forest biogeochemical
cycling as measured across our study
sites.
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N), lignin (mg), cellulose (mg), and specific
ch, much of the
spatial variability in ecosystem function can be explained by the distribution and proportional biomass of these character
istics within vegetation (Garnier et al. 2004)
measurements of stable isotopes such as SN™ have been used increasingly to obtain information on relationships
n plants and their environment (Craine et al. 2009). For instance, the SN ratio of leaves can serve as an integrator
of terrestrial N cycling and highlight the adaptive strategies of nitrogen acquisition by plants, as well as indicate h
disturbance alters nutrient retention in forests (McLauchlan et al. 2007)
A preliminary analysis of our data (Figure 1) substantiates the evidence for evolved inter-specific differences in resource
allocation and retention (Daufresne and Hedin 2005, Shipley et al. 2006) across species and functional groups. For example,
e are finding large variation in the carbon concentration in leaves, the foliar C:N, as well as lignin content highlighting the
evolved differences in investment of structural versus metabolic compounds and subsequent rates of foliar decomposition
between species and functional groups, particularly broadleaf and conifer species (McGroddy et al. 2004)

« Study areas:
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@ Linking field measurements to spectra

To characterize forest function (Table 1), we collect samples from sites
spanning disturbance and environmental gradients in order to derive
measurements of leaf traits related to forest function. Field plots
include characterization of species composition, LAl and leaf angle dis-
tribution. We collect foliar samples from all levels of the canopy, from
which we acquire both fully hydrated green-leaf and dry spectra using
an ASD FieldSpec 3 Pro.

In the lab, we measure important leaf properties, including LMA and
water content, and for a subset of leaves: C and N concentration, lignin
and cellulose, and SN* concentration. We calibrate the larger leaf-level
spectral data set based on statistical relationships between the leaf
chemical and structural properties and ASD spectra using a novel PLS
routine (Figure 2),

s can have mea:
sect-related d

o

Because of the robust relationships between spectra and field mea-
sures, this approach greatly reduces the time and effort in the lab
required to forest (Figures 1,
A-D). Leaf level measurements are scaled to the plot based on
species composition.

Understory species associatio

@ Preliminary results 2 Figure 2

Figure 2 (A, B). Mean + 1 standard devia-
tion , minimum and maximum leaf
reflectance (A) and transmittance (8) for
trees sampled within the 14 study sites.

Figure 2 (C, D). Relationships between

predicted and observed leaf nitrogen : ;

concentration (in %, C) and specific leaf PO U TS g R
area (SLA, g/m?, D) using measured leaf
reflectance spectra and a partial least-
squares (PLS) regression modeling
approach.

D
Linear model fit to pooled data

The relatively tight coupling between %
with a smaller variation among the more conservative conifer species, and is an indicator of inter-specific variation in ph
tosynthetic capacity (Reich et al. 1998). Finally, we are finding evidence for the linkage between foliar lignin and 615N
may be an indication of mycorrhizal strategy and/or inorganic N availability (Craine et al. 2009). Furthermore, we are
observing tha containing understory plants with potentially symbiotic N,-fixing bacteria (Alnus spp.) are falling out of
our preliminary trend, which may suggest an altered nutrient budget through increased input nitrogen through of
atmospheric N fixation (Vogel and Gower 1998)

We are observing large variation in leaf optical properties of the trees sampled across the study sites (Figure 2). The
large increase in the near-infrared (NIR) reflectance and transmittance is due to scattering of light by the spongy mesophyll
and the observed variation is at least partially related to differences in leaf structure (i.e. SLA). Using fresh and dry leaf

pectral data we are developing various leaf-level calibrations for several key leaf chemical and structural properties as

as our derived forest functional traits (Figure

* Image analysis:

We are scaling the plot level estimates of forest function to hyperspectral imagery. Our field and imagery data
cover a wide range of species and environmental gradients (Figure 3). By covering a diversity of forest environ-
ments, we are between the field and

response. The spatial measurements derived from AVIRIS will then be used to address important questions
about forest functioning across the geographic range of our study areas, including:

(1) How do variations in forest functional types and climate affect growth (Serbin, Upper Midwest)?

(2) How do forest functional characteristics vary across a gradient of nitrogen deposition (McNeil, Adirondacks)?
(3) How do forest functional traits vary in response to a history of of insect defoliation (Deel & McNeil, Appala-
chians; Singh, Upper Midwest)?

(8) How do forest functional traits affect nitrogen export from forested watersheds (Eshleman, Appalachians;
McNeil, Adirondacks; Singh, Upper Midwest)

Figure 3

# Scaling using models

Statistical-empirical models

Input parameters: Leaf physiochemical
characteristics, relative basal area, canopy
clumpiness.

Response variables: Leaf spectra, N, lignin
cellulose, LMA, 5N*...
Predictor: Plot-averaged AVIRIS spectra A

V& Leaf spectra .
Radiative transfer model
J\ \l/ (PROSPECT, SAILh)

Canopy reflectance

o Response variable:
rﬂ;{;\ Canopy reflectance spectra
Statistical scaling functions: Partial least-

I squares regression (GA-PLS, IPLS, xPLS)

Aggregate plotlevel data by:
Species-wise relative basal area, proportional
canopy abundance

Method: Partial least-squares regression
{Variants: Genetic algorithm (GA-PLS),
interval (iPLS), iterative exclusion (xPLS))

inds

Urban forests, Madison, Wi

The general principles of forest
functioning and nutrient cycling also
apply in urban ecosystems. In
Madison, Wi, forests vary widely in
functional types, but regional nutri
ent dynamics are driven by agricul-
ture and fertilizer application
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